Abstract: Scholarly and social impacts of scientific publications could be measured by various metrics. In this study, the relationship between various metrics of 63,805 PLOS research articles are studied. Generally, article views correlate well with citation, however, different types of article view have different levels of correlation with citation, when pdf download correlates the citation most significantly. It's necessary for publishers and journals to provide detailed and comprehensive article metrics. Although the low correlation between social attention and citation is confirmed by this study and previous studies, more than ever, we find that social attention is highly correlated with article view, especially the browser html view. Social attention is the important source that bringing network traffic to browser html view and may lead to citation subsequently. High altmetric score has the potential role in promoting the long-term academic impact of articles, when a conceptual model is proposed to interpret the conversion from social attention to article view, and to citation finally.
Introduction
Citation has been the widely accepted metrics of impact of a scientific publication for decades. In the recent years, many indicators have been introduced to the family of article-level metrics. Besides citations, the impact of an article could be reflected and quantified by article views, readerships and Altmetric score, etc. Altmetrcis (Priem & Costello, 2010; Priem, Costello, & Dzuba, 2011) tracks the online mentions by pulling in data from social media, blog, traditional media and online reference managers. Recent efforts have been made to investigate the effect of altmetrcis on scholarly impact. From the qualitative prospect, Sud & Thelwall draw an abstract diagram of factors affecting the relationship between altmetrics and citation counts (Sud & Thelwall, 2014) . Shuai et al. use the dataset of 4,606 arXiv preprint submissions during a period of 7 months to study the online response to new articles, they find that the volume of Twitter mentions is statistically correlated with arXiv downloads, in addition, early citations may favor highly mentioned articles (Shuai, Pepe, & Bollen, 2012) . There are statistically significant associations between higher metric scores and higher citations for articles with positive altmetric scores (Thelwall, Haustein, Larivière, & Sugimoto, 2013 ). Eysenbach's findings also confirm that Tweets can predict highly cited articles in only 3 days after the article publication (Eysenbach, 2011) . However, Haustein et al. show that the correlation between citation and tweets is relatively low (Haustein, Peters, Sugimoto, Thelwall, & Lariviè re, 2014) . Li et al. report that the correlation between online readership and traditional citations count is significant (Li, Thelwall, & Giustini, 2012) . Nowadays, many STM publishers and journals individually provide the article usage data to evaluate the impact of an individual article. With this kind of data, it is possible for researchers to explore the online usage of scientific publications, e.g., studying the researchers' working timetable through the downloaded time of articles (Wang, et al., 2012; , tracing the research trends combining the downloaded time and downloaded content , exploring the dynamic patterns of downloaded time (Wang, Mao, Xu, & Zhang, 2014; . For the relationship between article downloads and citations, Watson shows that compared to downloads, citations are delayed by about 2 years, so download statistics provide a useful indicator of eventual citations in advance (Watson, 2009) . In a previous analysis, Lippi et al. conclude that there is a strong relationship between article downloads and citations, the most downloaded articles are also those that are more likely to receive citations (Lippi & Favaloro, 2012) . Jahandideh et al. also find that more downloads at a limited period of time is an indicator of more citations to the article in a long-term interval (Jahandideh, Abdolmaleki, & Asadabadi, 2007) . O'Leary conducts an analysis of the relationship between the numbers of downloads and citations by examining the most heavily downloaded articles published in Decision Support Systems, he finds that the number of citations and downloads are closely related (O'Leary, 2008) . However, Coats's study reveals that citations and downloads show diverse preferences, so we need to keep track of both types of impact (Coats, 2005) . Significant correlation between views and citations is confirmed by many previous studies, however, the accuracy of distinct measurements should be examined separately because each of the view patterns has its individual characteristics. Yan and Gerstein find that although spreading patterns of scientific information are remarkably similar in data from different journals, there are intrinsic differences for different types of article usage (HTML views and PDF downloads versus XML) (Yan & Gerstein, 2011) . PDF downloads increases the probability that people would later read it (Allen, Stanton, Pietro, & Moseley, 2013) . Our research questions are that, do different types of view patterns make same impact on citations? Furthermore, does distinguishing different types of view patterns offer a more reasonable description for measuring the impact of an article? Although previous studies show that there is low correlation between social media and citation, how is the relationship between social media and other metrics, e.g., article view? 2. Data PLOS publications are selected as our research objects. The reasons are, firstly, articles published by PLOS are all open-access, which could eliminate the bias between open-access and non open-access data; secondly, PLOS provide detailed article-level metrics data for each individual publication. PLOS article view data are provided in three different formats, which are HTML, PDF, and XML, when the online activities of users across these three formats are recorded and reported under COUNTER 3 standards. The article metrics data in this study is harvested directly from the PLOS Article-Level-Metrics platform (http://almreports.plos.org), which allows researchers to view article-level metrics for any set of PLOS articles. The altmetric data is collected from www.Altmetric.com. PLOS publishes 7 journals, as Table 1 shows, in which PLOS ONE is a multidisciplinary journal and has the most articles, the number is 52,258, much more than other field-oriented journals. In this study, only the research articles are kept in the dataset, when other article types are excluded. The metrics selected include article view, Mendeley readership, altmetric score. There are several types of article view, which are PLOS browser html view, PLOS pdf view/download, PLOS total view, PMC browser html view, PMC pdf view/download and PMC total view. 
Results

Descriptive Statistics
Correlation analysis Correlation between citation and other metrics
Usually, Spearman instead of Pearson correlation is used because metrics data is typically too skewed for the assumption of normal distribution of a Pearson test and has too many zero values to be transformed into a normal distribution (Li, Thelwall, & Giustini, 2012; Sud & Thelwall, 2014) . As shown in Table 4 , the annual Spearman correlation coefficients between Scopus citation and other metrics are calculated. Other metrics include the Total article view (combined by PLOS total and PMC total), HTML view (combined by PLOS total and PMC total), PDF view (combined by PLOS total and PMC total), Mendeley readership and Altmetric score, which are abbreviated with the first letter of T, H, P, M, A, as the last column shows in Table 4 . To better demonstrate the result, here we use color scales and column sparklines to show the show the general distribution of values. For color scales, cells are shaded with gradations of colors that correspond to minimum (green), midpoint (yellow), and maximum values (red). Besides, the column sparklines in the last column show the performance of the values, and highlight the highest value. As Table 4 shows, all correlation coefficients are statistically significant at the 1% level. For the three kinds of view, the correlation between Scopus citation and HTML view is the weakest, when the correlation between citation and PDF view are stronger than others. In most sub dataset divided by publication year, the correlation coefficients are higher than 0.650. It seems that PDF view has the greater potentiality than HTML browser view to lead to academic citation. The correlations between citation and Mendeley readership are around 0.500, which is much lower than the view, especially the values in the PDF column. And the correlation between citation and Altmetric score is very weak, when the coefficients ranges from 0.14 to 0.22. Note: All correlation coefficients in Table 4 are statistically significant at the 1% level.
To find that whether there exist difference among different journals, the dataset is divided by the seven journals and two periods. As Table 5 shows, the correlations between citation and PDF view/download are higher than the coefficients between citation and other metrics, when the values in the column of HTML are lower than columns of PDF and Total. And moreover, the correlation between citations and Altmetric scores is slight negative. Note: All correlation coefficients in Table 5 except the two cells with underlines and one cell with italic are statistically significant at the 1% level. Cell with italic is statistically significant at the 5% level.
Correlation between Altmetric score and other metrics
Although the correlation between Altmetric scores and citations are weak, how about the relationship between Altmetric scores and other metrics? Table 6 shows that the correlation coefficients between Altmetric scores and other metrics are much higher than the values in the column of citation. For the coefficients between Altmetric score and three metrics of view (Total, HTML and PDF), the column of HTML has the highest correlations (range from 0.35 to 0.40), when the column of PDF is the lowest (range from 0.23 to 0.30). Note: All correlation coefficients in Table 6 are statistically significant at the 1% level.
Then, we calculate the annual correlation coefficients between Altmetric score and citation and three kinds of HTML views (PLOS HTML views, PMC HTML views, and PLOS and PMC HTML view combined) for each journal. As Table 7 shows, for each year, the row of PLOS HTML view has the highest correlations, slightly higher than the row of Total HTML view, and much higher than the PMC HTML view. Why does the Altmetric score correlate weak with the citation? Firstly, the boom of social media platforms begin in 2009, however, even for the articles published in 2009, there is not enough years for publications to accumulate the citations, let alone for the later articles. Secondly, there is not much possibilities lead social attention directly to academic citation. Research that is popular with the public or interesting even to those outside of the academy tends to have high Altmetric scores. However, many social media participants are not academic researchers, so it's impossible for them to write papers and cite the articles they retweeted. Although there may be many retweets for an article, just a few of them may result in academic citations.
Here we propose a conceptual model to visualize the relationship between social attention, article view and academic citation. As Fig. 1 shows, social attention and academic citation are two ends of the chain. There is little chance for people to cite an article without even reading it. So, there is no link from the end of social attention to another end of citation in Fig. 1 . Social attention may bring network traffic to browser html view, and some of the html view may bring about citations directly, when some may lead to pdf downloads and a part of them turn into citations. Usually, the article links given in social platforms are html rather than pdf links. Different routes in Fig. 1 Fig. 1 Conceptual model of the relationship between social attention, article view and citation
Discussion
As more and more academic publishers and journals provide article usage data to public in recent years, scientometrics researchers are embracing the ever-increasing research data. But the data formats of article usage provided by different publishers and journals are lack of the uniform standard. Although some of them like PLOS, Science, PNAS provide the detailed article-level metrics data with different types separately, including browser html view, pdf download, etc. However, for many other publishers and journals which provide article usage statistics, only the total number of article view is available, when the browser html view and pdf download are included in this total number and not differentiated. These publishers include Taylor & Francis, IEEE Xplore Digital Library, Nature, ACM Digital Library. According to the findings in this study, among different types of article view, pdf download has the most significant correlation with citation. So it is very important for researchers to distinguish different types of article view and necessary for publishers and journals to provide the detailed and comprehensive formats of metrics data. Generally, the types of article view include abstract view, browser html view, and pdf view/download. Although correlation between social attention and citation are rather low, however, we find that the very significant correlation between altmetric score and article view, especially for browser html view. A conceptual model is proposed to interpret the conversion rate from social attention to article view, and to citation finally. Social attention doesn't have the influence on the academic citation directly, however, it may cause article view and lead to citation subsequently, which means that a part of citation may be caused by social attention, including twitter, facebook, blog, news report, etc.
